The minimal inhibitory concentrations of 49 antimicrobial agents for 37 to 40 meningococcal strains freshly isolated from the nasopharynx of healthy carriers were determined. Coumermycin A1 and rifampin were the most effective agents tested. The geometric mean values of the minimal inhibitory concentrations for coumermycin A1 and rifampin were 0.0001 and 0.02,qg/ml, respectively.
The minimal inhibitory concentrations of 49 antimicrobial agents for 37 to 40 meningococcal strains freshly isolated from the nasopharynx of healthy carriers were determined. Coumermycin A1 and rifampin were the most effective agents tested. The geometric mean values of the minimal inhibitory concentrations for coumermycin A1 and rifampin were 0.0001 and 0.02,qg/ml, respectively.
Sulfadiazine was effective during World War II both as a chemotherapeutic agent in meningococcal disease and as a chemoprophylactic agent in the elimination of meningococci from the nasopharynx of healthy carriers (2, 7, 13) . Vollum and Griffiths (16) reported the successful prevention of meningitis in Nigeria by the administration of four 1-g doses of sulfonamide snuff over a period of 2 days. Although penicillin has replaced sulfadiazine in the treatment of meningococcal disease (14) , sulfadiazine remains the most widely used antimicrobial agent against nasopharyngeal carriers of meningococci.
Since Millar et al. (12) reported, in 1963, the prevalence of sulfadiazine-resistant meningococci among Naval personnel at the San Diego Naval Training Center, there has been no known effective antibacterial agent for controlling the spread of sulfadiazine-resistant meningococci. The prevalence of carriers of sulfadiazine-resistant meningococci among Naval personnel was discussed by Devine et al. (3) (3) .
The incidence of meningococcal disease among military recruits is much higher than among similar age groups of civilians (14) . A With the following exceptions, the antimicrobial agents were all dissolved in distilled water. Chloramphenicol was dissolved in 95% alcohol to make 100,000 ,g/ml; it was diluted in 50% ethyl alcohol to 10,000 pg/ml. Furtherdilutionsweremadeindistilled water. Hexachlorophene, Irgasan CH-3565, and tribromsalicylanilide were dissolved in the same manner as chloramphenicol except that the original concentration was only 1,000 ,g/ml. Coumermycin A1 was dissolved in dimethylsulfoxide (DMSO) to make an initial concentration of 500 ,g/ml. Further dilutions were made with a mixture of one part DMSO and four parts of KPO4 buffer (pH 6.3). The maximum concentration of DMSO in the Mueller-Hinton agar was 0.15%. Rifampin was dissolved in methanol to a concentration of 5,000 ,ug/ml and diluted in 1% ascorbic acid in potassium phosphate buffer (pH 6.3) to the desired concentration. Oxolinic acid, nalidixic acid, and the more insoluble sulfonamides were suspended in distilled water and dissolved by the gradual addition of 1 N NaOH.
Final concentrations of DMSO, methanol, ascorbic acid, and ethyl alcohol in the Mueller-Hinton agar had no discernible effect on growth of the meningococci. The final pH of the Mueller-Hinton agar was not changed by the concentrations of antimicrobial agents and diluents added.
RESULTS
The distribution and geometric means of the MIC of 32 antimicrobial agents for 37 to 40 meningococcal strains freshly isolated from the nasopharynx are shown in Table 1 .
Coumermycin and rifampin were the most effective agents tested. Coumermycin Al inhibited all strains tested at a concentration of 0.25 ng/ml, or less. The possible effect of DMSO in contributing to the production of this low MIC for meningococci was not evaluated. The geometric mean of the MIC of coumermycin was 0.1 ng/ml. Rifampin had a geometric mean of the MIC of 0.02 Ag/ml.
The MIC of the sulfonamides were determined for 21 sulfadiazine-sensitive strains and 19 sulfadiazine-resistant strains (Table 2 ). Mafenide hydrochloride was included with the sulfonamides, although it is not a true sulfonamide. Since the para-amino group is replaced by a para-aminomethyl group, this agent does not suppress folic acid synthesis. All true sulfonamides showed a bimodal distribution of MIC for the meningococcal strains tested. The intermodal point in the distribution of MIC was near 1 mg/100 ml (10 Ag/ml) for all true sulfonamides, except sulfanilamide which was at 64 mg/100 ml (640 ,ug/ml).
Irgasan CH-3565 2,4 ,4'-trichloro 2'hydroxydiphenyl ether (10) was the most effective of the commercially used antiseptics and disinfectants, and cetyl pyridinium chloride was the least effective compound tested (Table 3) . DISCUSSION A continuous, extensive nasopharyngeal culture survey for meningococci among incoming recruits at Great Lakes Naval Training Center and among Naval personnel arriving from the Naval establishment throughout the world at the Service School Command, Great Lakes Naval Training Center, has been conducted since 1963. A Neisseria meningitidis group A meningococcal culture was not isolated until January 1969. Because this study was performed with freshly isolated strains from the nasopharynx of carriers in this population, group A strains were not included. However, in preliminary studies which included group A strains isolated in Morocco in 1968 and some group A strains isolated previously, the range of sensitivities of these strains was independent of their serological group. Love and Finland (9) (15) . Furthermore, sulfadiazine-resistant group A meningococci were isolated during an epidemic in Morocco in 1968 (1) . The reappearance of group A in the United States in 1969 and the emergence of sulfadiazine-resistant strains make urgent the quest for an antimicrobial agent to control epidemics in military recruits. Chemotherapeutic agents that might be taken systemically or used as gargles, nasal sprays, or disinfectants were also tested in vitro.
Other studies in this laboratory show that the range of susceptibility of meningococci to antimicrobial agents is identical whether the organisms are isolated from clinical cases or healthy carriers. This study also indicates that the susceptibility to the antimicrobial agents tested is independent of sulfonamide susceptibility, as previously reported by Eichoff and Finland (5) .
There is no apparent reason to believe that any of the sulfonamides would be more effective than sulfadiazine against sulfadiazine-resistant meningococci. Devine et al. (3) reported that 95% of nasopharyngeal carriers of sulfadiazine-sensitive meningococci can be cured by taking 1 g of sulfadiazine twice a day for 2 days. The concentration of sulfadiazine found in saliva in this regimen, 6 to 8 hr after the last dose, was approximately equivalent to the intermodal point of MIC of sulfadiazine for any collection of sulfadiazinesensitive and -resistant organisms. Should saliva concentrations of the drug prove to be a reliable indicator of the potential success of chemoprophylaxis in elimination of meningococci from the nasopharynx, other sulfonamides, to be successful, would have to be present in saliva in 10-to 20-fold greater concentrations than sulfadiazine.
The shift of the intermodal point of the bimodal distribution of MIC of the more active sulfonamides for meningococci from approximately 1 mg/100 ml to an MIC of 64 mg/100 ml for sulfanilamide probably occurs because of the high pKa value (10.4) for sulfanilamide. Sulfonamides are most effective when the pKa values are the same as or near the pH of the test (8) . The pH of Mueller-Hinton agar is 7.2. Sulfapyridine also has a high pKa value (8.4). The geometric mean MIC was 0.41 mg/100 ml for sulfadiazine-sensitive meningococci compared to 0.04 mg/100 ml for sulfathiazole which has a pK5 value of 7.1.
Ivler et al. (6) reported that sulfadiazine-resistant meningococci produce more para-aminobenzoic acid than sulfadiazine-sensitive meningococci, accounting for the bimodal distribution of the susceptibility of meningococci to sulfonamides. The susceptibility of meningococci to mafenide hydrochloride is independent of paraaminobenzoic acid; consequently, meningococci show a unimodal distribution of susceptibility to mafenide hydrochloride as they do to most other antibiotics.
Only cephalothin (Table 1) appeared to have any semblance of a bimodal distribution of MIC for meningococci. This is probably due to a slightly greater resistance of Boshard group meningococci to this drug.
Of the nonsulfonamide agents tested, rifampin and coumermycin were most effective in vitro, and we plan to evaluate these drugs in nasopharyngeal carriers of meningococcus.
